The objective of this study was to estimate genetic correlations between yield traits of cows treated with bovine somatotropin (bST) and the same yield traits of untreated cows. Lactation records from registered Holstein cows were divided by parity into 3 data sets: 1, 2, and 3 through 5. Approximately 10% of the records in each data set were from cows treated with bST. The numbers of records of treated and untreated cows in the data sets were 4,337 and 48,765; 3,730 and 37,796; and 3,645 and 33,957. Two-trait animal models (records for cows treated or not treated) were used to estimate genetic parameters for milk production traits and somatic cell score (SCS). Estimates of heritability for milk yield for records of treated and untreated cows for the 3 data sets were 0.13, 0.16, and 0.09, and 0.18, 0.18, and 0.14, respectively, with estimates of repeatability of 0.50 and 0.41 for data set 3. Estimates of heritability for fat yield for records of treated and untreated cows were 0.31, 0.16, and 0.12, and 0.27, 0.21, and 0.16. Estimates of repeatability were 0.50 and 0.43 for data set 3. Heritability estimates for protein yield for records of treated and untreated cows were 0. 13, 0.17, and 0.12, and 0.20, 0.23, and 0.16, with estimates of repeatability of 0.52 and 0.47. Estimates of heritability for SCS for treated and untreated cows were 0.08, 0.15, and 0.13, and 0.11, 0.13, and 0.13 with repeatability estimates of 0.52 and 0.45. Estimates of genetic correlations between milk yields with and without bST treatment in lactations 1, 2, and 3 to 5 were all 0.99. Estimates of genetic correlations for fat and protein yields were 0.96 for all data sets. Estimates for SCS were 0.99. Estimates of genetic correlations between records of treated and untreated cows were large enough to conclude that records of treated and untreated cows could be considered to be one trait, with treatment as a fixed effect to account for differences in means.
INTRODUCTION
Bovine somatotropin (bST) is widely accepted and used as a management tool to enhance dairy cow productivity. Of the nearly 9 million dairy cows in the United States, approximately one-third are in herds that use bST (Monsanto, 2006) . Several studies have documented the effects of bST. If dairy cows are injected biweekly with bST during lactation, milk production can increase by 10 to 15% (Bauman et al., 1985) . Similar results were reported in 15 commercial dairy herds given bST, with responses ranging from 11 to 29% for milk yield (Thomas et al., 1991) . Peel and Bauman (1987) reported that milk yield slowly increases the first few days after bST treatment, with maximum yield at about the sixth day after administration. Jordan et al. (1991) reported that milk and protein yields increased by 18.8 and 3.3%, respectively, for high-producing cows, with no effect on somatic cell score (SCS). AlJumaah (2001) showed that SCS were slightly less in bST herds. Tsuruta et al. (2000) reported no significant difference for SCS between records of cows with or without bST. Hartnell et al. (1991) found significant effects for bST for milk yield traits, but not for SCS or for percentages of fat and protein.
Injection of bST not only increases milk production, but also increases persistency of production. Thus, the economically optimal calving interval may be increased with use of bST (Bauman, 1992) . Many studies (e.g., Hansen et al., 1994; Etherton and Bauman, 1998; Bauman et al., 1999) have demonstrated that the most important factor determining the magnitude of the effect of bST treatment is herd management. Burton et al. (1990) reported that bST can enhance milk yields without an apparent effect on mammary gland or general cow health. Collier et al. (2001) , in a study on the effect of using bST on the health of cows in commercial dairy cattle herds that were chosen randomly from different regions of the United States, showed that health problems in cows treated by bST were the same as Tsuruta et al. (2000) reported estimates of heritability of 0.19 and repeatability of 0.39 for milk yield for cows treated with bST.
The Food and Drug Administration approved the use of bST on dairy cows in 1993. Since then, records from cows treated with bST have accumulated at Dairy Records Processing Centers. The objective of this study was to examine the possibility of a genotype × environmental interaction by estimating genetic correlations for yield traits and SCS between a trait when cows were treated with bST and the same trait when cows were not treated with bST. These correlations were estimated separately for first, second, and third through fifth lactations.
MATERIALS AND METHODS

Data obtained from the Dairy Records Processing
Center in Raleigh, North Carolina, were from 16 different states for lactation yields (milk, fat, and protein) and SCS. For pedigree data to be as accurate as possible, only records of cows with valid registration numbers for registered Holstein cows were included in this study. Lactation yields were preadjusted to a 305-d, twice-daily milking, and mature equivalent basis. The SCS is a logarithmic transformation (base 2) of SCC (see Da et al., 1992) . After editing, records for registered cows were divided into 3 data subsets by lactation number: lactation 1, lactation 2, and lactations 3 through 5. The 3 data sets contained 4,337 and 48,765; 3,730 and 37,796; and 3,654 and 33,957 records, respectively, for bST-treated and untreated cows, as shown in 1. The numbers of bST records are relatively small because of the emphasis on obtaining as accurate pedigree identification as possible. As more data accumulate, results from this study should be pooled with later studies. A pilot project such as this may provide a base on which to build. The percentages of records of cows treated with bST were 8.8, 9.8, and 10.7% for lactation 1, lactation 2, and lactations 3 through 5, respectively. Records were from 651, 661, and 672 herds, respectively. For a record to be considered treated with bST, the cow had to be reported to be injected with bST 3 or more times. Records of cows treated, but treated less than 3 times during a lactation, were not used in the study. Only records of cows with sires with known registration numbers having at least 5 daughters in a data set were used. For data set 3, about 25% of cows with bST records also had untreated records, 15% with bST records had more than one bST record, and about 40% with untreated records had more than one untreated record, which allowed estimation of repeatability within treatment groups and a permanent environmental correlation between treatment groups.
A 2-trait animal model was used to estimate variance and covariance components and genetic parameters for yield traits and for SCS. Records from cows with or without bST treatment were considered to be 2 different traits. In matrix form, the model was
(for lactations 1 and 2 the permanent environmental effects are not in the model), where y i and y j are vectors of records of cows for trait i (treated) and trait j (untreated); β i and β j are vectors of fixed effects (contemporary groups, herd-year-month of calving) for traits i and j; a i and a j are vectors of random additive genetic effects for animals for traits i and j; p i and p j are vectors of random permanent environmental effects for cows for traits i and j for analyses of lactations 3 through 5; e i and e j are vectors of random residual effects for traits i and j; X i , Z i , and W i are known design matrices for 
, and e = ⎛ ⎜ ⎝ e i e j ⎞ ⎟ ⎠ , the first and second moments from the means for first or second lactations for animals with one record each were assumed to be
The moments for data set 3 were assumed to be
where ⊗ is the right direct product operator; A is the matrix of additive genetic relationships among animals including foundation animals without records; G o is the additive genetic variance-covariance matrix; P 0 is the permanent environmental variance-covariance matrix; I P is an identity matrix with order equal to the total number of cows with records; σ are the permanent environmental variances for traits i and j; σ pe i pe j is the permanent environmental covariance between traits i and j, which can be estimated only from records of cows with both treated and untreated lactations; R is the matrix of residual variances; σ 2 e i and σ 2 e j are the residual variances for traits i and j; and I n i and I n j are identity matrixes with orders equal to the number of records for traits i and j.
The means for each trait before analyses for records of cows with and without bST treatment in different lactations are shown in average differences (kg) were 1,000, 950, and 730 for milk; 45, 40, and 35 for fat; and 27, 29, and 22 for protein, respectively. Differences between treated and untreated cows for SCS in the 3 data sets were −0.4, 0.0, and 0.0, respectively.
Variance components and fixed effects were estimated using a derivative-free REML algorithm (Graser et al., 1987) with the programs developed by Boldman et al. (1995) . Local convergence was considered to be met if the variance of the −2 log likelihoods in the simplex was less than 1 × 10 −6 . After first convergence, restarts were made to find global convergence, with convergence declared when the values of −2 log likelihood did not change to the second decimal.
RESULTS AND DISCUSSION
Estimates from the 2-trait (records of treated and untreated cows) analyses are shown in Tables 3 through  6 . Estimates of correlations are in Table 7 .
Estimates of heritability, repeatability, and variance components for milk yield are listed in Table 3 . For milk yield for records of cows with bST, the estimates of heritability for lactations 1, 2, and later were 0.13, 0.16, and 0.09, respectively, and were 0.18, 0.18, and 0.14 for records of untreated cows. Estimates of repeatability for lactations 3 and later were 0.50 and 0.41 for records of treated and untreated cows. Weigel et al. (1998) estimated heritability and repeatability for milk yield to be 0.20 and 0.42 for records of treated cows and to be 0.21 and 0.42 for records of untreated cows. AlJumaah (2001) obtained estimates of heritability of 0.18 and of repeatability of 0.43 for milk yield with bST and of 0.13 and 0.39 for untreated cows. Tsuruta et al. (2000) reported estimates of heritability of 0.19 and repeatability of 0.39 for milk yield for cows treated with bST.
Estimates of variance components, heritability, and repeatability for fat yield for lactations 1, 2, and later are shown in Table 4 . Estimates of heritability were 0.31, 0.16, and 0.12 with bST treatment and 0.27, 0.21, and 0.16 without bST, respectively. Repeatability estimates were 0.50 and 0.43. Tsuruta et al. (2000) reported Estimates of variance components, heritability, and repeatability for protein yield for lactations 1, 2, and later are shown in Table 5 . Heritability estimates were 0.13, 0.17, and 0.12 for records of cows with bST, with a repeatability estimate for later lactations of 0.52. For untreated cows, the estimates of heritability were 0.20, 0.23, and 0.16, respectively, and the estimate of repeatability was 0.47. Estimates of heritability and repeatability agree with estimates by Dematawewa and Berger (1998) , Tsuruta et al. (2000) , and Al-Jumaah (2001) .
Estimates of variance components, heritability, and repeatability for SCS for lactations 1, 2, and later are listed in Table 6 . Heritability estimates were 0.08, 0.15, and 0.13, respectively, with an estimate of repeatability of 0.52. For untreated cows, the estimates of heritability were 0.11, 0.13, and 0.13, respectively, with an estimate Overall, estimates of heritability for yields in later lactations were a little less than for lactations 1 and 2; this could be a result of selection on lactations 1 and 2, which could reduce the range of differences of later records. If computationally feasible, future research on the effect of bST on estimates of parameters for different parities could use 6-trait models (2 treatments by 3 parity groups) to reduce possible biases in estimates for later parities attributable to culling. The standard errors of estimates, however, are large enough to suggest that differences may be due to sampling.
Misidentification of sires of cows and dams of cows may also affect estimates of heritability. If more treated cows are misidentified, estimates of heritability would be expected to be smaller (Israel and Weller, 2000) .
In this study, for 8 of the 9 analyses of yield traits, estimates of heritability were less for treated than for untreated records, as shown in Tables 3, 4 , and 5. The estimates were more similar for treated and untreated cows for SCS (Table 6 ). Estimates of phenotypic and permanent environmental variances were greater for records of cows receiving bST. Overall, estimates of phenotypic variance for milk, fat, and protein yields and SCS for all data sets were greater for records of cows treated with bST than for records of cows untreated with bST. In contrast, estimates of genetic variance for milk, fat, and protein yields were slightly greater for records of cows untreated with bST. The results in this study were in the range of those reported by Al-Jumaah (2001) and Albuquerque et al. (1996) . Whether the differences in estimates of genetic and phenotypic variances for treated and untreated cows and for different parity classes are great enough to influence rankings for genetic evaluation should be the object of further research. Estimates of genetic and environmental correlations between treated and untreated cows for the 3 yield traits and SCS are shown in Table 7 . The estimates of genetic correlations between milk yields with and without bST for the 3 data sets were 0.99, 0.99, and 0.99, with an estimate of permanent environmental correlation of 0.99 for data set 3. Estimates were slightly less for genetic correlations between fat yields of treated and untreated cows for all data sets (0.96, 0.96, and 0.96), as was the estimate of permanent environmental correlation of 0.94 for data set 3. Estimates for protein yield were the same as for fat yield. Estimates of genetic correlations between SCS of treated and untreated cows for all data sets also were near unity (0.99, 0.99, and 0.99) but the estimate of the permanent environmental correlation for data set 3 was smaller (0.75). Estimates of genetic correlations were large enough to support the conclusion of considering a single-trait analysis for records of treated and untreated cows with bST treatment as a fixed effect.
Estimates of breeding values for cows and sires could be biased if bST is not used uniformly within a herd, although that could not be determined in this study. The large genetic correlations between yields of records of treated and untreated cows suggest that rankings of sires from records of treated and untreated daughters would be similar. The impact of bST on genetic evaluations of dairy sires for milk yield traits and SCS will be examined in a later study by comparing EBV and rankings of sires with at least 3 different models: a model with bST treatment ignored, a model with bST treatment as a fixed effect, and a model with bST given or not given used to create contemporary groups.
